CORRECTED SPECIFICATION 




SPECIFICATION 



^ITIiE OF THE INVENTION , 

Feedforward Amplifier 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The invention relates to a feedforward amplifier and 
a communication equipment, which are primarily used for a 
base station device of mobile communication equipment. 



Related Art of the Invention 

In recent years, a high-output linear power-amplif ier , 
compensated for distortion by a feedforward method, has been 
used for a base station device ^f mobile communication 



Fig. 12 shows an example of the configuration of a 
conventional feadforward amplifier. In Fig. 12, reference 
numeral 1 denote s^rr'inptrt tex^minal, 2 an output terminal, 
3 and 8 power splitters,. 4 and 9 power-combiners, 5 and 13 
vector adjustors , 6 a main amplifier , 7 and 10 delay circuits , 
and 14 an error amplifier, respp^ctively . Further, symbols 
a to k and m added to the powei- splitters 3 and 8 and the 
power-combiners 4 and 9 shov/ respective porrs . 



equipment. 
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Hereinafter, the operation of the feedforward amplifier 
configured as described above will be described. 

First, an input signal input from the input terminal 
1 and including a plurality of carrier frequency components 
is split into two parts by the power splitter 3, and the two 
parts are output from the port b and port c respectively. 
The signal output from the port'b is amplified by the main 
amplifier 6 through the vector adjuster 5, and then passes 
through the power splitter 8 and the delay circuit 10 , inputting 
into the port j of the power-combiner 4. At this time, the 
signal including distortion components caused by 
intermodulation due to non-linearity of the main amplifier 
6 in addition to the carrier frequency components are input 
into the port j . 

Further, part of the output .^signal of the main amplifier 
6 is took out from a port f of the power splitter 8 and input 
into a port h of the^ power-combiner 9, On -che other hand, 
the signal output from the port c inputs into a port g of 
the~power-combinef"^S^thl'Du^^ the delay circuit 7. Here, the 
vector adjuster 5 and delay circuit 7 are adjusted such that 
the carrier frequency components of the respective signals 
input into the port g and the port h may have the same amplitudes 
and opposite phases, thereby a signal having only the 
distortion components with the carrier frequency components 
canceled out being output from the port i. 



Next, the signal output from the port i is amplified 
by the error amplifier 14 through the vector adjuster 13 and 
inputs into a port ic of the power-combiner 4 . Here , the vector 
adjustor 13 and the delay circuit 10 are adjusted such that 
the distortion components of signals input into the port j 
and port k may have the same amplitudes and opposite phases, 
thereby a signal having only the carrier frequency components 
with the distortion components canceled out being output from 
a port m of the power-^combiner ^1 to the output terminal 2 . 

^igs . 13 (a) to (d) show:^ frequency spectra of signals- 
at the ports a, d, i and m. 

As shown in Fig. 13 (a) , the frequency spectrum of the 

signal at the port a is composed of carrier frequency components . 

y ji 

Also^ as shown in Fig. 13 (b) , the frequency spectrum of the 
; J;' signal at the port d is composed of carrier frequency components 

2t and distortion components . Further , as shown in Fig. 13 (c) , 

\ S ;i 

the frequency spectrum of the signal at the port i is composed 
of only the distortion components with the carrier frequency 
components 'eaLndele"d*''5i:it': Further, as shown in Fig. 13 (d) , 
the frequency spectrum of the signal from the port m is composed 
of only the carrier frequency components with the distortion 
components canceled out. 

However, the configuration of Fig. 12 has a problem that 
a decrease in output power lead^ to a decrease in efficiency 
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as shown in Fig. 14. Here, t±ie efficiency means the ratio 
of output power to consumption power. 

Further, in a base station device and the like of mobile 
communication equipment that uses the configuration of Fig. 
12, there is a problem that when the main amplifier fails, 
the device can not work and thus the communication stops 
completely. 

SUMblftJlY OF THE INVENTION 

Considering the above problems, the invention has an 
object to provide a feedforw^ard axuplifier and a communication 
equipment of which efficiency does not decrease even in the 
event of the reduction of output power. 

Further, the invention has another object to provide 
a feedforward amplifier and a communication equipment of which 
communication does not stop completely even in the event of 
the failure of the main amplifier. 

The 1st invention of the present invention is a 
feedforward" ampTifxer" comprising; 

a first power splitter for splitting an input signal 
into two parts; 

a first vector adjuster for adjusting the amplitude and 
phase of one output signal of said first power splitter; 

a main amplifier for amplifying an output signal of said 
first vector adjuster; 



a second power splitter for splitting an output signal 
of said main amplifier into two parts; 

a first delay circuit for delaying the other output signal 

of said first power splitter; 

a distortion detection power-combiner for synthesizing 
one output signal of said second power splitter and an output 
signal of said first delay circuit; 

a second delay circuit for delaying the other output 
signal of said second power splitter; 

a second vector adjustor for adjusting the amplitude 
and phase of the output signal of said distortion detection 
power-combiner; 

an error amplifier for amplifying the output signal of 

said second vector adjustor; 

a distortion suppression power-combiner for 
synthesizxng the output signal of said second delay circuit 
and the output signal of said error amplifier; and 

control means of at least stopping the operation of said 
error ampllf ier ^or^Taicnfrain-^^ampiif ier depending on a 

predetermined condition. 

The 2nd invention of the present invention is the 
feedforward amplifier according to 1st invention, further 
comprising : 

first signal level detection means of detecting a first 
signal level that is the signal level of said input signal . 



or the signal lever of *a baseband signal in a baseband signal 
generating portion, or the signal level of a transmitting 
signal in a transmitting circuit, 

wherein said predetermined condition represents said 

first signal level, and 

when said detected first signal level is not higher than 
a predetermined value, said control means stops the operation 

of said error amplifier. 

The 3rd invention of the present invention is the 
feedforward amplifier according to 1st invention, further 
comprising: 

first signal level detection means of detecting a first 
signal level that is the signal level of a received signal 

in a receiving circuity 

wherein said predetermined condition represents said 

first signal level, and 

when said detected first signal level is not lower than 

V 

a predetermined value , said control means stops the operation 
of said error' amplnz-fi-e-r-:: — ^ 

The 4th invention -of the present invention is the 
feedforward amplifier according to 1st invention, further 
comprising: 

first signal level detection means of detecting a first 
signal level that is the signal level of said input signal, 
or the signal level of a baseband signal in a baseband signal 



generating portion, or the signal level of a transmitting 
signal in a transmitting circuit, or the signal level of a 
received signal in a receiving circuit; and 

second signal level detection means of detecting a second 
signal level that is the signal level of said output signal, 

wherein said predetermined condition represents gain 
of said second signal level to said first signal level, and 

when said gain is out of a predetermined value, said 
control means stops the operation of said main amplifier. 

The 5th invention of the present invention is the 
feedforward amplifier according to 1st invention^ further 
comprising : 

first signal level detection means of detecting a first 

signal level _,.that_i.S' the^sigiial level of an input signal r 
or the signal level of a baseband signal in a baseband signal 
generating portion, or the signal level of a transmitting 
signal in a transmitting circuit, 

wherein said predetermined condition represents said 
first sign^al lev-eT/'^^aiidr-^^ 

when said first signal lev^el is not higher than a 
predetermined value, said control means stops the operation 
of said main amplifier. 

The 6th invention of the present invention is the 
feedforward amplifier according to 1st invention, further 
comprising: 



first signal level detection means of detecting a first 
signal level that is the signal level of a received signal 
in a receiving circuit, 

wherein said predetermined condition represents said 
first signal level, and 

when said first signal level is not lower than a 
predeterinined va'lue, said control means stops the operation 
of said main amplifier. 

The 7th invention of the present invention is the 
feedforward amplifier according to 4th or 5th inventions, 
wherein said distortion suppression power-combiner is a 
variable power-combiner that can have a tight coupling state 
and, a loose coupling state, and 

when said first signal level is higher than a 
predetermined value, said control means controls said 
variable power-combiner to have said loose coupling state, 
and 

when said first signal level is not higher than the 
predetermiTLfed value , ' 'sa'id control means controls said 
variable power-combiner to have said tight coupling state. 

The 8^h invention of the present invention is the 
feedforward amplifier according to 4th or 6th inventions, 
wherein said distortion suppression power-combiner is a 
variable power-combiner that can have a tight coupling state 
and a loose coupling state. 



when said first aignal level is lower than a predetermined 
value, said control means controls said variable 
power-combiner to have said loose coupling state, and 

' when said first signal level is not lower than the 
predetermined value, said control means controls said 
variable power-combiner to have said tight coupling state. 

The 9th invention of the present invention is the 
feedforward amplifier according to 4th or 5th inventions, 
wherein, when said first signal level is not higher than a 
predetermined value, said conrrol means performs such control 
that the output signal of said error amplifier can be output 
without passing through said distortion suppression 

power-combiner . 

The 10th invention of the present invention is the 
feedforward amplifier according to 4th or 6th inventions, 
wherein, when said first signal level is not lower than a 
predetermined value, said control means performs such control 
that the output signal of said error amplifier can be output 
wittejut paas'irrrg^'tnl'o'ugh— ^:aid distortion suppression 
power-combiner . 

The 11th invention of the present invention is the 
feedforward amplifier according to 1st invention, further 
comprising : 

first signal level detection means of detecting a first 
signal level that is the signal level of an input signal. 



or the signal level of a baseband signal in a baseband signal 
generating portion, or the signal level of a transmitting 
signal in a transmitting circuit, 

wherein said predetermined condition represents said 
first signal level, and 

when said first signal level is not higher than a first 
predetermined va'lue and higher than a second predetermined 
value that is smaller than said first predetermined value, 
said control means stops the operation of saiderror amplifier, 
and when said first signal level is not higher than said second 
predetermined value, said control means stops the operation 
of said main amplifier. 

The 12th invention of the present invention is the 
feedforward amplifier according to 1st invention, further 
comprising: 

first signal level detection means of detecting a first 
signal level that is the signal level of a received signal 
in a receiving circuit, 

"""^wherein sa'id predetermined condition represents said 
first signal level, and 

when said first signal level is not higher than a first 
predetermined value and higher than a second predetermined 
value that is smaller than said first predetermined value, 
said control means stops the operation of said error amplifier, 
and when said first signal level is not lower than said first 
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predetermined value, said control means stops the operation 
of said main amplifier . 

The 13th invention of "che present invention is the 
feedforward ampLifier according to 1st invention, further 
comprising : 

a third power splitter for splitting the output signal 
of said error amplifier 'into two parts; 

a third delay circuit for delaying one output signal 
of said third power splitter: 

a fourth power splitter far splitting the output signal 
of said distortion suppression power-combiner into two parts; 

a fourth delay -circuit for delaying one output signal 

of said fourth power splitter; 

a second distortion detection power-combiner for 
synthesizing the ourput signal <r': said fourth delay circuit 
and the other output signal of said third power splitter; 

a third vector adjustor for adjusting the amplitude and 
phase of the output signal of L>aid second distortion detection 

powe'r-combiner ; ■ ' ^ 

a second error amplifier for amplifying the output signal 

of said third vector adjuster; 

a second distortion supprt i-'aion power-combiner for 

•J _ — . 

synthesizing the output signal of said third delay circuit 
and the output signal of sa-.o isecond error amplifier; and 



first signal level detection tneans of detecting a first 
signal level that is the signal level of said input signal r 
or the signal level of a baseband signal in a baseband signal 
generating portion, or the signal of a transmitting signal 
in a transmitting circuit, 

wherein said control means also stops the operation of 
said second error amplifier depending on said predetermined 
condition, 

said predetermined condition represents said first 

signal level, and 

when said first signal level is higher than a 
predetermined value, said control means stops the operation 
of said second error amplifier and performs such control that 
the output signal of said error amplifier can not be input 
by said third power splitter, and performs such control that 
the output signal of said distortion suppression 
power-combiner can be output to the outside, and 

when said first signal level is not higher than the 
pre^i^ermi-T^ed^'^varits^^'^'S^-d:-^ the operation 

of said main amplifier and performs such control that the 
output signal of said error amplifier can not be input by 
said distortion suppression power-combiner but can be input 
by said third power splitter, and performs such control that 
the output signal of said second distortion suppression 
power-combiner can be output to the outside. 
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The 14th invention of the present invention is the 
feedforward amplifier according to 1st invention, further 
comprising : 

a third power splitter for splitting the output signal 
of said error amplifier into two parts; 

a third delay ".circuit for delaying one output signal 
of said third power splitter; 

a fourth power splitter for splitting the output signal 
of said distortion suppression power-combiner into two parts ; 

a fourth delay circuit ft>r delaying one output signal 
of said fourth power splitter; 

a second distortion detection power-combiner for 
synthesizing the output signal of said fourth delay circuit 
and the other output signal of said third power splitter; 

a third vector adjuster for adjusting the amplitude and 
phase of the output signal of said second distortion detection 
power-combiner ; 

a second error amplifier for amplifying the output signal 
of S3.id th-i-rd ve'ctor "ad^^'uBtor ; ' ■ " 

a second distortion suppression power-combiner for 
synthesizing the output signal of said third delay circuit 
and the output signal of said second error amplifier; and 

first signal level detectioni means of detecting a first 
signal level that is the signal level of a received signal 
in a receiving circuit. 



wherein said control means also stops the operation of 
said second error amplifier depending on said predetermined 
condition, 

said predetermined condition represents said first 
signal level, and 

when said first signal level is lower than a predetermined 
value, said control means stops the operation of said second 
error amplifier and performs such control that the output 
signal of said error amplifier can not be input by said third 
power splitter^ and performs * such control that the output 
signal of said distortion suppression power-combiner can be 
output to the outside, and 

when said first signal level is not lower than the 
predetermined value, said control means stops the operation 
of said main amplifier and performs such control that the 
output signal of said error amplifier can not be input by 
said distortion suppression power-combiner but can be input 
by said third power splitter, and performs such control that 
the " outpuY'' signal or sai'd^ second" distortion suppression 
power-combiner can be output ro the outside. 

The 15th Invention of the present invention is the 
feedforward amplifier according to 1st invention , further 
comprising : 

a third power splitter for splitting the output signal 
of said error amplifier into two parts; 



a third delay" circuit for delaying one output signal 
of said third power splitter; 

a fourth power splitter for splitting the output signal 
of said distortion suppression power-combiner into two parts ; 

a fourth delay circuit for delaying one output signal 
of said fourth power splitter; 

a second distortion detection power-combiner for 
synthesizing the output signal of said fourth delay circuit 
and the other output signal of said third power splitter; 

a third vector adjuster for adjusting the amplitude and 
phase of the output signal of said second distortion detection 
power-combiner ; 

a second error amplifier for amplifying the output signal 
of said third vector adjuster; 

a second distortion suppression power-combiner for 
synthesizing the output signal of said third delay circuit 
and the output signal of said second error amplifier; and 

first signal level detection means of detecting a first 
signal level that is the signal"Tevel df'^said input signal 
or the signal level of a baseband signal in a baseband signal 
generating portion^ or the signal of a transmitting signal 
in a transmitting circuit, 

wherein said control means also stops the operation of 
said second error amplifier depending on said predetermined 
condition, 



said predetermined condition represents said first 
signal level, and 

when said first signal level is higher than a 
predetermined value ^ said control means stops the operation 
of said second error amplifier and performs such control that 
the output signal of said error amplifier can not be input 
by said third power splitter, and performs such control that 
the output signal of said distortion suppression 
power-combiner can be output to the outside, and 

when said first signal level is not higher than the first 
predetermined value and higher than a second predetermined 
value that is smaller than said first predetermined value, 
said control means stops the operation of said main amplifier 
and performs such control that the output signal of said error 
amplifier can not be input by said distortion suppression 
power-combiner but can be^input by said third power splitter, 
and performs such control that the output signal of said second 
distortion suppression power-combiner can be output to the 
out^de,- ^^j^--^-^-'-^-'--^^^ 

when said first signal level is not higher than the second 
predetermined value, said control means stops the operation 
of said error amplifier and stops the operation of said second 
error amplifier, and performs such control that the output 
signal of said distortion suppression power-combiner can be 
output to the outside. 



The 16th invention of the present invention is the 
feedforward amplifier according to 1st invention, further 
comprising : 

a third power splitter for splitting the output signal 
of said error amplifier into two parts; 

a third delay circuit for delaying one output signal 
of said third poVer splitter; 

a fourth power splitter for splitting the output signal 
of said distortion suppression power-combiner into two parts ; 

a fourth delay circuit for delaying one output signal 
of said fourth power splitter; 

a second distortion detection power-combiner for 
synthesizing the output .signal of said fourth delay circuit 
and the other output signal of said third power splitter; 

a third vector adjustor for adjusting the amplitude and 
phase of the output signal of said second distortion detection 
power— combiner ; 

a second error amplifier for amplifying the output signal 
of s"aid th'l'rd vHrrtcrr^KdjiTstor ; ~^ ' — — 

a SBCond distortion suppression power-combiner for 
synthesizing the output signal of said third delay circuit 
and the output signal of said second error amplifier; and 

first signal level detection means of detecting a first 
signal level that is rhe signal level of a received signal 
in a receiving circuit. 



.wherein said control means also stops the operation of 
said second error amplifier depending on said predetermined 
condition^ , ■ 

said predetermined condition represents said first 

signal level, and 

when said first signal level is lower than a second 
predetermined value ^ said control means stops the operation 
of said second error amplifier and performs such control that 
the output signal of said error amplifier can not be input 
by said third power splitter, and performs such control that 
the output signal of said distortion suppression 
power-combiner can be output to the outside, and 

when said first signal level is not higher than a first 
predetermined value that is larger than said second 
predetermined value and higher than said second predetermined 
value, said control means stops the operation of said main 
amplifier and performs such control that the output signal 
of said error amplifier can not be input by said distortion 
s upp r e s s 1 oh^'^powSr^^fttbl neY huz can be^TTnput by said third 
power splitter, and" performs such control that the output 
signal of said second distortion suppression power-combiner 
can be output to the outside, and 

when said first signal level is not lower than the first 
predetermined value, said control means stops the operation 
of said error amplifier and stops the operation of said second 



error amplifier, and perforins such control that the output 
signal of said distortion suppression power-combiner can be 
output to the outside. 

The 17th invention of the present invention is the 
feedforward amplifier according to any one of 2nd, 4th, 5th, 
11th, 13th, and 15th inventions; wherein said first signal 
level detection means is provided in an upstream stage of 
saidfirst power splitter, or between said first power splitter 
and said first vector adjuster, or between said first vector 
adjuster and said main amplifier^ or between said first power 
splitter and said first delay circuit, or between said first 
delay circuit and said distortion detection power-combiner, 
or at the input of said baseband signal generating portion, 
or at the output of said baseband signal generating portion, 
or in said baseband signal generating potion, or at the input 
of said transmitting circuit, or at the output of said 
transmitting circuit, or in said transmitting -circuit. 

The 18th invention of the present invention is the 
feedback "amplirier accor<31ng to^ahy one'^of 3rd, 4th, 6th^ 
12th/ 14th, and 16th inventions, wherein said first signal 
level detection means is provided at the input of said receiving 
circuit, or at the output of said receiving circuit, or in 
said receiving circuit. 

The 19th invention of the present invention is the 

feedforward amplifier according to 4th ivnention, wherein 
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said second signal level detection means is provided in a 
downstream stage of said distortion suppression 
power-combiner, or between said second power splitter and 
said second delay circuit , or between said second delay circuit 
and said distortion suppression power-combiner. 

The 20th invention of the present invention is the 
feedforward amplifier according to 17th ivention, 

wherein said first signal level is the signal level of 
said input signal, and when said xirst signal level detection 
means detects the signal level of said input signal, 

said first signal level detection means has a signal 
level detection power-splitter for splitting said input 
signal into two parts and detection means of detecting said 
signal level of one output signal of said signal level detection 
power-splitter , and 

the other output signal of ^aid signal level detection 
power splitter is supplied ':o a downstream stage. 

The 2.1st invention of the present invention is the 
feedforward amplifier according to 15th ivnention, wherein 
said second signal level detection means has a signal level 
detection power-splitter for splitting said output signal 
into two parts and detection mei\r.s of detecting said signal 
level of one output signal of .--aid signal level detection 
power-splitter, and 



the other output signal of said signal level detection 
power-splitter is supplied to a downstream stage. 

The 22nd invention of the present invention is the 
feedforward amplifier according to any one of 2nd, 3rd, 11th, 
12th, 15th, and 16th inventions, wherein the stopping of the 
operation of said error amplifier is to perforin such control 
that the power supply for said error amplifier can be turned 
off and/or to perforin such control that the output signal 
of said second vector adjuster can not be input by said error 
amplifier* 

The 23rd invention of the present invention is the 
feedforward amplifier according to any one of 4th, 5th, 6th, 
11th, 12th, 13th, 14th, 15th, and 16th inventions, wherein 
the stopping of the operation of said main amplifier is to 
perform such control that the power supply for said main 
amplifier can be turned off and/or to perform such control 
that the output signal of said first vector adjustor can not 
be input by said main amplifier. 

•~"'-The*'^$ttr-l-Trc^'tllDt[-~^af the present^^invention is the 
feedforward amplifier according to any one of 13th, 14th, 
15th, and 16th inventions, wherein the stopping of the 
operation of said second error amplifier is to perform such 
control that the power supply for said second error amplifier 
can be turned off and/or to perform such control that the 



output signal of said third vector adjuster can not be input 
by said secondary error amplifier. 

The 25th invention of the prBsant. invention is a 
coimnunication equipment comprising: 

a baseband generating portion for generating a baseband 
signal; and 

a transmitting cirduit for outputting a transmitting 
signal from said baseband signal generated, wherein the 
feedforward amplifier according to any one of 1st to 6th, 
11th to 16th, 19th, and 21st inventions is used for said 
transmitting circuit . 

In the feedforward amplifier according to the invention, 
because the level of distortion caused by the main amplifier 
is low at low output power , output signals of the main amplifier 
are then output as-is from the output terminal of the distortion 
suppression power-combiner, and further the power source of 
the error amplifier is turned off to allow the high efficiency 
of the feedforward amplifier. 

• Furthgrr"'w h*en" a i v ab no rmal ^event^ occurs^-im: 'i:he main 
amplifier, the error amplifier can be used to amplify and 
output the input signal, thereby allowing the improved 
reliability of the f eedf orward ^amplif ier . 

Furthermore, equipping communication equipments such 
as mobile communication equipments with the feedforward 
amplifier according to the invention allows the higher 



efficiency and improved reliability of communication 



equipments , such as mobile communication equipments. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 shows a configuration diagram of the feedforward 



amplifier according to the embodiment 1. 



Fig. 2 shows a characteristic diagram of distortion 



versus output power of a main amplifier. 



M Fig. 3 shows a characteristic diagram of efficiency 

versus output power of the feedforward amplifier according 



to the embodiment 1 of the invention. 



Fig. 4 shows a configuration diagram of the feedforward 



1^ amplifier according to the embodiment 2 of the invention, 

•fi Fig. 5 shows a configuration diagram of the feedforward 

\M amplifier according to the embodiment 3 of the invention. 



Fig. 6 shows a configuration diagram of the feedforward 



amplifier according to the embodiment 4 of the invention. 



Fig. 7 shows a configuration diagram of the feedforward 



amplif ier'-^S^orarng"!:© the embodiment 5 of the "invention. 



Fig. 8 shows a configuration diagram of the feedforward 



amplifier according to the embodiment 6 of the invention. 



Fig. 9 shows a configuration diagram of the feedforward 



amplifier according to the embodiment 7 of the invention. 



Fig. IQ shows a configuration diagram of the feedforward 



amplifier according to the embodiment 8 of the invention. 
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Fig. 11 shows a configuration diagram of the feedforward 
amplifier according to the embodiment 9 of the invention. 

Fig. 12 shows a configuration diagram of a conventional 
feedforward amplifier. 

Fig* 13 shows a frequency spectrum of signals at the 
ports a, d, 1, and m of Fig. 12. 

Fig. 14 shows a characteristic diagram of efficiency 
versus output power of a conventional feedforward amplifier. 



Description of Symbols 

1 ... Input terminal 

2 ... Output terminal 

3, 8, 16;. 26, 31, 36 ... Power splitter 

4, 9, 32, 37 ... Power-combiner 

5, 13, 39 ... Vector adjuster 
6 ... Main amplifier 

7, 10, 35, 38 ... Delay circuit 

11, 21, 24, 25, 33 ... Switch circuit 



12, 22, 34 ... Terminating resistor 

14 , . . Error amplifier 

15 ... Error amplifier power switch circuit 
17, 27 ... Signal level detection circuit 
18 ... Control circuit 

19, 29 ... Signal level detection portion 

20 , . . Variable power— combiner 



23 ... Main amplifier power-switch-circuit 

40 ... Power amplifier 

41 ... Power amplifier power switch circuit 

42 ... First feedforward amplifier circuit 

43 ... Second feedforward amplifier circuit 

PREFERRED EMBODIMENTS OI* THE INVENTION 

Hereinafter, the embodiments of the invention will be 
described with reference to the drawings . 

Here , the same components as the conventional feedforward 
amplifier of Fig, 12 are denoted by the same symbols, 
(Embodiment 1) 

Fig. 1 shows a configuration diagram of the feedforward 
amplifier accprding to the embodiment 1 of the invention. 
In Fig. 1, reference numeral 11 denotes a switch circuit, 
12 a terminating resistor, 15 an error amplifier power switch, 
16 a power splitter, 17 a signal level detection circuit, 
and 18 a control circuit for switching the switch circuit 
11 and the' error anvpTiTrer power switch circuit" 15 depending 
on the signal level detected by the signal level detection 
circuit 17 , respectively. The power splitter 16 and the signal 
level detection circuit 17 constitute a signal level detection 
portion 19. Further, a symbol n added to the power splitter 
16 shows a port. 



By the way r the power splitter 3 of the present embodiment 
is an example , of ;the f irst power splitter of the invention, 

* J ^ ■■ ^ 

the vector adjustor 5 an example of the first vector adjuster 
the power splitter 8 an example of the second power splitter ^ 
the delay circuit 7 an example of the first delay circuit, 
the power-combiner 9 an example of the distortion detection 
power-combiner, the delay circuit 10 an example of the second 
delay circuit, the vector adjustor 13 an example of the second 
vector adjustor, the power-combiner 4 an example of the 
distortion suppression power-^combiner , the control circuit 
18 an example of the control means , and the signal level 
detection portion 19 an example of the first signal level 
detection means, respectively. 

For the feedforward amplifier configured as described 
above, hereinafter, its operation will be described with 
reference to the drawings. 

An input signal input from, an input terminal 1 and 
including a plurality of carrier frequency components is input 
into a port'^a ot the power splitterr3~Througfrthe"p'ower splitter 
16. Then, part of the input signal is took out from the port 
n of the power splitter 16 and input into the signal level 
detection circuit 17. The signal input into the port a of 
the power splitter 3 is split into two parts, which are output 
through a port b and port c respectively. 



The signal output: from "the port b is amplified by the 
main amplifier 6 through the vector adjuster 5 and then input 
into a port j of the power-combiner 4 through the power splitter 
8 and the delay circuit 10. At this time, signals including 
distortion components caused by intermodulation due to the 
non-linearity of the main amplifier 6 in addition to the carrier 
frequency components are input into the port j . 

Further, part of the oiitput signal of the main amplifier 
6 is took out from a port f of the power splitter 8 and input 
into a port h of the power-combiner 9. On the other hand, 
the signal output from the port c is input into a port g of 
the power-combiner 9 through the delay circuit 7. 

Here, the vector adjuster 5 and the delay circuit 7 are 
adjusted such that the carrier frequency components of the 
signals input into the port g and the port h may have the 
same amplitudes and opposite phases ^ thereby a signal having 
only the distortion components with the carrier frequency 
components canceled out being output from the port i . 

•^^ Then7*Tirr^''^l:g?r3*^ is input into 

a common terminal 11a of the switch circuit 11, Here, when 
the input signal level detected by the signal level detection 
circuit 17 is heigher than PI (dBm) , the control circuit 18 
connects the common terminal 11a to an output switching 
terminal lib of the switch circuit 11^ and further turns on 
the error amplifier , power switch circuit 15. On the other 



hand, when the input signal level is not higher than Pi (dBm) 
the control circuit 18 connects the common terminal 11a to 
an output switching terminal 11c of the switch circuit 11 
and further turns off the error amplifier power switch circuit 
15 . 

First, when the input signal level is heigher than PI 
(dBm) , the signal input into the common terminal 11a of the 
switch circuit 11 is amplified by the error amplifier 14 through 
the output switching terminal lib and the vector adjuster 
13, and then input into a port k of the power-combiner 4. 
Here, the vector adjuster 13 and the delay circuit 10 are 
adjusted such that the distortion components of the signals 
input into the port j and the port kmay have the same amplitudes 
and opposite phases, thereby a signal having only the carrier 
frequency components with the distortion components canceled 
out being output from a port m of the power-combiner 4 into 
an output terminal 2 . 

On the other hand, when the input signal level is not 
higher thanrPT (dBm)~;.'^1ieis±gnal input intathe common terminal 
11a of the switch circuit 11 is absorbed by a terminating 
resistor 12 through the output switching terminal 11c. For 
this reason, no signal is input into the port k of the 
power-combiner 4, and the signal input into the port j of 
the power-combiner 4 is output as-is from the port m to the 



output: terminal 2. That is, the output signal of the main 
amplifier 6 is output as-is from the output terminal 2. 

Generally, the level of distortions caused by the main 
amplifier 6 decreases as its output power decreases as shown 
in Fig . 2 . When the level of distortions included in the output 
signals of the main amplifier 6 is not higher than Dl (e.g. 
- 60 dBc) (wherein the input signal level corresponds to PI 

(dBm) ) , it is no problem to output the as-is output signal 
of the main amplifier 6 to the output terminal 2 . At this 
time, because the error amplifier power switch circuit 15 
is turned off, the power consumed by the error amplifier 14 
becomes zero, therefore allowing improvement of the 
efficiency at low output power as shown in Fig. 3. 

By the way, in the above embodiment, although the input 
signal level is used to switch the switch circuit 11 and the 
error amplifier power switch circuit 15, it is apparent that 
the same operation can be also obtained by switching them 
depending on the level of signals output from the port b of 
the power splitter 'JV' trie vecYor""^ , the port f of 

the power splitter 8, the port c of the power splitter 3, 
or the delay circuit 7. In this case^ the signal level 
detection portion 19 should be inserted in the position for 
the signal level to be detected. 

(Embodiment 2) 



Fig. 4 shows a configuration diagram of the feedforward 
amplifier according to the embodiment 2 of the invention. 
In Fig. 4, reference numeral 21 denotes a switch circuity 
22 a terminating resistor, 23 a main amplifier 
power-switch-circuit, 26 a power splitter,, and 27 a signal 
level detection circuit, respectively. The power splitter 
26 and the signa^l level detection circuit 27 constitute a 
signal level detection portion 29. 

The control circuit 18 switches the switch circuit 21 
and the main amplifier power-switch-circuit 23 and adjusts 
the vector adj ustor 13 , depending on the signal level detected 

h 

by the signal level detection circuits 17 and 27. 

By the way , the power splitter 3 of the present embodiment 
is an example of the first power splitter of the invention, 
the vector adjuster 5 an example of the first vector adjuster, 
the power splitter 8 an example of the second power splitter, 
the delay circuit 7 an example of the first delay circuit, 
the power-combiner 9 an example of the distortion detection 
power-com'STner , the delcTy^^i'Curt^l'O an'"^:3ta'mple of the second 
delay circuit, the vector adjuster 13 an example of the second 
vector adjuster, the power-combiner 4 an example of the 
distortion suppression power- combiner ^ the control circuit 
18 an example of the control means, the signal level detection 
portion 19 an example of the first signal level detection 



means , and the signal level detection portion 29 an example 
of the second signal detection means, respectively. 

With feedforward amplifier configured as described above , 
its operation will be described with reference to the drawing . 
The embodiment 2 according to of the invention provides 



a feedforward amplifier in which , when an abnormal event occurs 
in the main amplifier 6/ the error amplifier 14 directly 
amplifies input signals for outputting. When the main 
Q amplifier 6 normally operates , a difference between the output 

. ^ ■ r 

ijfl signal level detected by the signal level detection portion 

\ ^ A 

M; 29 and the input signal level detected by the signal level 

;£ detection portion 19 (the gain of the feedforward amplifier) 
is kept constant. However^ -the signal level difference 

I J - ■ 

£; between the output signal and the input signal is out of the 

h| constant value ^ the main amplifier is then judged to be 



abnormal . " 



When the main amplifier 6 operates normally^ the control 
circuit 18 directly connects a common terminal 21a to an output 
switching'^^f min'ar 2TS"bT^^'e svnTtTch'ciTcuTt 21 and also turns 



on the main amplifier power-switch-circuit 23 . At this time, 
the feedforward amplifier according to the embodiment 2 of 
the invention performs the same operation as conventional 
feedforward amplifiers. 

On the other hand, when an abnormal event occurs in the 
main amplifier 6, the control circuit 18 connects the common 
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terminal 21a to an output switching terminal 21c of the switch 
circuit 21 and turns off the main amplifier 
power-switch-circuit 23 * 

At this time , an input signal input from the input terminal 
1 and including a plurality of carrier frequency components 
is split into two parts by the power splitter 3 through the 
power splitter 16 and the two parts are output from the port 
b and port c respectively- The signal output from the port 
b is absorbed by the terminating resistor 22. Further^ the 
signal output from the port b is amplified by the error 
amplifier 14 through the delay circuit 1 , power-combiner 9, 
and vector adjuster 13 . 

At this time, in the power-combiner 9, because no signal 
is input into the port h, the signal input into the port g 
is output as-is from the port i. The signal amplified by the 
error amplifier 14 is output from the output terminal 2 through 
the power-combiner 4 and power splitter 26* 

At this time, in the power-combiner 4, because no signal 
is input into the 'port"5T the signal "Thput into the port k 
is output as-is from the port m,. 

That is, the output terminal 2 outputs the as-is output 
signal of the error amplifier 14. In this case, the control 
circuit 18 adjusts the vector adjuster 13 to control the level 
of signals input into the error amplifier 14. 



When the feedforward amplifier according -to the 
embodiment 2 is used for a mobile communication equipment, 
even if the main amplifier 6 fails, the direct amplification 
by the error amplifier 14 allows the device to continue 
operating its function though with reduced maximum output 
power , thereby achieving the improved reliability of the whole 
mobile communication equipment. 

By the way, although the present embodiment is described 
for the case where the signal level detection portion 29 is 
provided in a downstream stage of the power-combiner 4, the 
embodiment is not limited to this . The signal level detection 
portion 29 may be provided between the power splitter 8 and 
the delay circuit 10, or between the power circuit 10 and 
the power-combiner 4 . 

(Embodiment 3) 

Fig. 5 shows a configuration diagram of the feedforward 
amplifier according to the embodiment 3 of the invention. 
In Fig. 5, reference numeral 20 denotes a variable 
power-combiner . THe cohtrbl~ciYcuIt'18 switches the switch 
circuit 21 and the main amplifier power-switch-circuit 23 
and also adjusts the coupling amount of the variable 
power-combiner 20, depending on the signal level detected 
by the signal level detection circuit 17 . 

By the way, the power splitter 3 of the present embodiment 
is an example of the first power splitter of the invention, 



the vector adjuster 5 an example of the first vector adjuster, 
the power splitter 8 an example of the second power splitter^ 
the delay circuit 7 an example .of the first delay circuit, 
the power-combiner 9 an example of the distortion detection 
power-combiner, the delay circuit 10 an example of the second 
delay circuity the vector adjustor 13 an example of the second 
vector adjuster, the variable power-combiner 20 an example 
of the distortion suppression power-combiner, the control 
circuit 18 an example of the control means ^ the signal level 
detection portion 19 an example of the first signal level 
detection means, respectively. 

With the feedforward amplifier configured as described 
above, hereinafter, its operation will be described with 
reference to the drawing. 

The embodiment 3 according to invention provides the 
feedforward amplifier in which, when the output power reduces 
considerably lower than the nominal output power, the error 
amplifier 14 directly amplifies input signals for outputting. 
When an input' 'saT^ffaT^^^^ deteC'ted by^the signal level 
detection circuit 17 is not lower than P2 (dBm) , the control 
circuit 18 connects the comrrion terminal 21a to the output 
switching terminal 21b of the switch circuit 21 and further 
turns on the main amplifier power-switch-circuit 23 , At this 
time, the feedforward amplifier according to the embodiment 



3 of the invention performs the same operation as conventional 
feedforward amplifiers. 

On the other hand, when the input signal level is not 
higher than P2 (dBm) , the control circ-ait 18 connects the 
common terminal 21a to the catput switching terminal 21c of 
the switch circuit 21 and turn^ off the main amplifier 
power-switch-circuit 23, and further changes the variable 
power-combiner 20 from a loose coupling state (e.g. 10 dB) 
into a tight coupling state (e.g* 3 dB) . That is, when the 
variable power-combiner 2 0 id in the tight coupling state, 
the degree of coupling between the port m and port k is 3 
db, and when it is In the loose coupling state, the degree 
of coupling between the port k and the port m is 10 db. 

Then, an input signal input from the input terminal 1 
and including a plurality of carrier frequency components 
is split into two parts by the power splitter 3 through the 
power splitter 16, and the two parts are respectively output 
from the port b and port c . 

The signal output from the port d is absorbed by the 
terminating resistor 22. Further, the signal out put from 
the port c is amplified by the error amplifier 14 through 
the delay circuit 7, power-combiner 9, and vector adjuster 
13 . In this case, in the power-combiner 9 , because no signal 
is input into the port h, the signal input into the port g 
is output as-is from the port i. 



The signal amplified by the error amplifier 14 is output 
from the output terminal 2 through the variable power-combiner 
20. At this time, in the variable power-combiner 20, because 
no signal is input into the port j , the signal input into 
the port k is output as-is from the port m. That is , the output 
signal of the error amplifier 14 is output as-is from the 
output terminal Further, because the variable 
power-combiner 20 is put in a tight coupling state, the signal 
input into the port k is output from the port m with less 
attenuation than in a loose "coupling state. 

Usually, the feedforward amplifiers amplifies input 
signals by the main amplifier 6, and detects and suppresses 
distortion components caused by the main amplifier 6 for 
outputting from the output terminal 2. However, when the 
feedforward amplifiers amplifies input signals directly by 
the error amplifier 14, if the level of distortions included 
in the output signals of the error amplifier 14 is not higher 
than Dl (e.g. - 60dBc) (wherein the input signal level 
corresponds to P2 (dBm) ) , it is no probrem to directly output 
the as~is output signal of the error amplifier 14 to the output 
terminal 2. At this time, because the main amplifier 
power-switch-circuit 23 is turned off, the power consumed 
by the main amplifier 6 becomes zero, thus improving the 
efficiency at low output power. 



Further, when the feedforward ainplifier according to 
the embodiment 3 is used for a mobile communication equipment, 

even if the main amplifier 6 fails, the direct amplification 
by the error amplifier 14 allows the device to continue 
operating its function though with reduced maximum output 
power , thereby achieving the improved reliability of the whole 
mobile communication equipment. 

By the way, although the above embodiment 3 is described 
for the case where the switching of the switch circuit 21 
and the main amplifier- power-switch-circuit 23 and the 
adjusting of the variable power-combiner 20 are performed 
depending on the input signal level, it is apparent that the 
same operation can be achieved by performing the switching 
depending on the level of signals? output from the port b of 
the power splitter 3, the port c of the power splitter 3, 
or the delay circuit 7. In this case, the signal level 
detection portion 19 should be inserted into the position 
for the signal level to be detected . 
(Embodiment 4)"" ^ ^ " 

Fig. 6 shows a configuration diagram of the feedforward 
amplifier according to the embodiment 4 of the invention. 
In Fig. 6 , reference numerals 24 and 25 denote a switch circuit. 
The control circuit 18 switches -the switch circuits 21, 24 
and 25 and the main amplifier power-switch-circuit 23 



depending on the signal level detected by the signal level 
detection circuit 17 , 

By the way, the power splitter 3 of the present embodiment 
is an example of the first power splitter of the invention,, 
the vector adjustor 5 an example of the first vector adjuster, 
the power splitter 8 an example of the second power splitter, 
the delay circuit 7 an ekample of the first delay circuity 
the power-combiner 9 an example of the distortion detection 
power-combiner, the delay circuit 10 an example of the second 
delay circuit, the vector adjustor 13 an example of the second 
vector adjustor, the power-combiner 4 an example of the 
distortion suppression power-combiner, the control circuit 
18 an example of the control means , the signal level detection 
portion 19 an example of the first signal level detection 
means , respectively . 

With the feedforward amplifier configured as described 
above, hereinafter, its operation will be described with 
reference to the drawing. 

The embodimBTrt^4^ according^ to invention provides a 
feedforward amplifier in which , when the output power reduces 
considerably lower than the nominal output power, the error 
amplifier 14 directly amplifies input signals for outputting. 

When an input signal level detected by the signal level 
detection circuit 17. is not lower than P2 (dBm) , the control 
circuit 18 connects the common -terminal 21a to the output 



switching terminal 21b of the switch circuit 21, a conunon 
terminal 24a to an output switching terminal 24b of the switch 
circuit 24, and a conuDon terminal 25a to an output switching 
terminal 25b of the switch circuit 25, respectively, and 
further turns on the main amplifier power-switch-circuit 23 . 
At this time, the feedforward amplifier according to the 
embodiment 4 of the invention performs the same operation 
as conventional feedforward amplifiers. 

On the other hand, when the input signal level is not 
higher than P2 (dBm) , the control circuit 18 connects the 
common terminal 21a to the output switching terminal 21c of 
the switch circuit 21, the common terminal 24a to an output 
switching terminal 24c of the switch circuit 24 , and the common 
terminal 25a to an output switching terminal 2 5c of the switch 
circuit 25, respectively, and further turns off the main 
amplifier power-switch-cxrcuit 23. 

At this time , an input signal input from the input terminal 
1 and including a plurality of carrier frequency components 
is split into two pa'ft3't:>7 the power splitter 3 through the 
power splitter 16, and the two parts are output from the port 
b and port c respectively. 

The signal output from the port b is absorbed by the 
terminating resistor 22 . Further , the signal output from the 
port c is amplified by the error amplifier 14 through the 
delay circuit 7, power-combiner 9, and vector adjustor 13. 



In this case, in the power-combiner 9, because no signal is 
input into the port h, the signal input into the port g is 
output as-is from the port i. The signal amplified by the 
error amplifier 14 is output from the output terminal 2 through 
the switch circuits 24 and 25. That is, the output signal 
of the error amplifier 14 is output as-is from the output 
terminal 2 . 

Usually, the feedforward amplifier amplifies input 
signals by the main amplifier 6, and detects and suppresses 
distortion components caused by the main amplifier 6 for 
outputting from the output terminal 2. However, when the 
feedforward amplifier amplifies input signals by the error 
amplifier 14 directly, if the level of distortions included 
in the output signals of the error amplifier 14 is not higher 
than Dl (e.g. - 60dBc) (wherein the input signal level 
corresponds to P2 (dBm) ) , it is no problem to output the as-is 
output signal of the error amplifier 14 to the output terminal 
2, At this time^ because the main amplifier 
power-swi^raa-'crrcuxr Zjt"'Ts turned off /'"the power consumed 
by the main amplifier 6 becomes zero, allowing the improved 
efficiency at lowoutput power . Further , when the feedforward 
amplifier according to the embodiment 4 is used for a mobile 
communication equipment, even if the main amplifier 6 fails, 
the direct amplification by the error amplifier 14 allows 
the device to continue operating its function though with 



reduced maximum output power, thereby allowing the improved 
reliability of the whole mobile communication equipment. 

By the way, although the above embodiment 4 is described 
for the case where the switching of the switch circuits 21^ 
24 and 25 and the main amplifier power-switch-circuit 23 is 
performed depending on the input signal level, it is apparent 
that the same operation/can be achieved by performing the 
switching depending on the level of signals output from the 
port b of the power splitter 3 , the port c of the power splitter 
3, or the delay circuit 7. Tn this case, the signal level 
detection portion 19 should be inserted into the position 
for the signal level to be detected - 
(Embodiment 5 ) 

Fig. 7 shows a configuration diagram of the feedforward 
amplifier according to the embodiment 5 of the invention, 
of which operation will be described with reference to the 
drawing hereinafter. 

The embodiment 5 according to the invention has a 
configuration coiTibTnxn'g"'th'e embodiments 1 and the embodiment 

4. 

By the way , the power splitter 3 of the present embodiment 
is an example of the first power splitter of the invention, 
the vector adjuster 5 an example of the first vector adjuster, 
the power splitter 8 an example of the second power splitter, 
the delay circuit 7 an example of the first delay circuit. 



the power-combiner 9 an example of the distortion detection 
power-combiner, the delay circuit 10 an example of the second 
delay circuit, the vector adjuster 13 an example of the second 
vector adjuster, the power-combiner 4 an example of the 
distortion suppression-power-combiner , the control circuit 
18 an example of the control means , the signal level detection 
portion 19 an example of the first signal level detection 

means , respectively . 

When the level of an input signal input from the input 
terminal 1, detected by the sfignal level detection circuit 

* 

17 , is not lower than PI (dBm) , the control circuit 18 connects 
the common terminal 11a to the output switching terminal lib 
of the switch circuit 11^ the common terminal 21a to the output 
switching terminal 21b of the switch circuit 21, the common 
terminal 24a to the output switching terminal 24b of the switch 
circuit 24 , and the common terminal 25a to the output switching 
terminal 25b of the switch circuit 25, respectively, and 
further turns on the main amplifier power-switch-circuit 23 
and the error amplifier power switch circuit 15 . In this case ^ 
the feedforward amplifier according to the embodiment 5 of 
the invention performs the same operation as conventional 
feedforward amplifiers. 

On the other hand, when the input signal level is not 
lower than P2 (dBm) and not higher than Pi (dBm) , the control 
circuit 18 connects rhe common terminal 11a to the output 



switching terminal 11c of the switch circait 11, the common 
terminal 21a to the output switching terminal 21b of the switch 
circuit 21 , and the common terminal 25a to the output switching 
terminal 25b of the switch circuit 25, respectively, and 
further turns on the main amplifier power-switch-circuit 23 
and turns off the error amplifier power switch circuit 15. 
For the switch circuit 24, the common terminal 24a may be 
connected to any one of the output switching terminals 24b 
and 24c. In this case, because the level of distortions 
included in the output signal of the main amplifier 6 is Dl 
(e.g. - 60 dBc) / the output signal of the main amplifier 6 
is output as-is f romL the output terminal 2 . 

Further I, when the input signal level is not higher than 
P2 (dBm) f the control circuit 18 connects the common terminal 
11a to the output switching terminal lib of the switch circuit 
11, the common terminal 21a to the output switching terminal 
21c of the switch circuit 21, the common terminal 24a to the 
output switching terminal 24c of the switch circuit 24, and 
the common termxnax ZDa ro l:he*'*ouTplit switching terminal 25c 
of the switch circuit 25, respectively^ and further turns 
on the error amplifier power switch circuit 15 and turns off 
the main amplifier power-switch-circuit 23. In this case, 
because the input signal is directly amplified by the error 
amplifier 14 and the level of distortions included in the 
output signal of the error amplifier 14 is not higher than 
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Dl (e.g. - 60dBc) , the output signal of the error amplifier 
14 is output as-is from the output terminal 2, 

Such a configuration of Fig / 7 can improve the efficiency 
at low output power . Further , when the feedforward amplifier 
according to the embodiment 5 is used for amobile communication 
equipment, even if the main amplifier 6 fails, the direct 
amplification by the error amplifier 14 allows the device 
to continue operating its function though with reduced maximum 
output power, thereby allowing the improved reliability of 
the whole mobile communication equipment. 

By the way, although the above embodiment 5 is described 
for the case where the switching of the switch circuits 11, 
21, 24, and 25, the main amplifier power-switch-circuit 23 
and the error amplifier power switch circuit 15 is performed 
depending on the input signal level, it is apparent that the 
same operation can be achieved by performing the switching 
depending on the level of signals output from the port b of 
the power splitter 3, the port c of the power splitter 3, 
or the delay circuxt T.^xn this case, xrie signal level 
detection portion 19 should be inserted into the position 
for the signal level to be detected. 
(Embodiment 6) 

Fig. 8 shows a configuration diagram of the feedforward 
amplifier according to the embodiment 6 of the invention. 
In Fig. 8, reference numerals 3 1 and 3 6 denote power splitters , 



32and37power-combiner3. 33 a switch circuit, 34 a terminating 
resistor, 35 and 38 delay circuits, 39 a vector adjuster, 
40 a power amplifier ,41a power amplifier power switch circuit, 
respectively. The power splitters 3, 8, and 31, the 
power-combiners 4 and 9, the vector adjusters 5 and 13. the 
main amplifier 6, the delay circuits 7 and 10, the error 
amplifier 14 , the switch circuits 21 and 24 , the main amplifier 
power-switch-circuit 23 and the terminating resistor 22 
constitute a first feedforward amplifier circuit 42 . Further , 
the power splitters 31 and 3«, the power-combiners 32 and 
37, the vector adjusters 13 and 39, the error amplifier 14, 
the delay circuits 35 and 38, the power amplifier 40, the 
switch circuits 24 and 33, the power amplifier power switch 
circuit 41 , and the terminating resistor 34 constitute a second 
feedforward amplifier circuit 43. Further, the symbols o to 
z added to the power splitters 31 and 36 and the power-combiners 
3 2 and 37 denotes each port. 

By the way , the power splitter 3 of the present embodiment 
is an exan^pTe of""ES"^*rirst pdweTTsplitteirof the invention, 
the vector adjuster 5 an example of the first vector adjuster , 
the power splitter 8 an example of the second power splitter, 
the delay circuit 7 an example of the first delay circuit, 
the power-combiner 9 an example of the distortion detection 
power-combiner, the delay circuit 10 an example of the second 
delay circuit, the vector adjuster 13 an example of the second 



vector adjuster, the power-combiner 4 an example of the 
distortion suppression power-combiner, the control circuit 
18 an example of the control means, the signal level detection 
portion 19 an example of the first signal level detection 
means, the power splitter 36 an example of the third power 
splitter, the delay circuit 38 an example of the third delay- 
circuit, the pow4r splitter 3 I an example of the fourth power 
splitter, the delay circuit 35 an example of the fourth delay 
circuit, the power-combiner 37 an example of the second 
distortion detection power-combiner, the vector adjuster 39 
an example of the third vector adjuster, the power amplifier 
40 an example of the second error amplifier, and the 
power-combiner 32 an example of the second distortion 
suppression power-combiner, respectively. 

With the feedforward amplifier configured as described 
above, its operation will be described with reference to the 
drawing hereinafter. 

An input signal input from an input terminal 1 and 
including a pluralitybTcarrier f requencycomponents is input 
into the port a of^ the power splitter 3 through the power 
splitter 16. At this time, part of the input signal is took 
out from the port n of the power splitter 16 and input into 
the signal level detection circuit 17 . The signal input into 
the port a of the power splitter 3 is split into two parts, 
which are output from the port b and port c respectively. 



The signal output from the port b is input into the common 
terminal 21a of the switch circuit 21, 

Here, when the input signal level detected by the signal 
level detection circuit 17 is not lower than P3 (dBm) , the 
control circuit 18 connects the common terminal 21a to the 
output switching terminal 21b of the switch circuit 21, the 
coinmon terminal 24a to tlie output switching terminal 24b of 
the switch circuit 24, the common terminal 25a to the output 
switching terminal 25b of the switch circuit 25 , and the cormuon 
terminal 33a to the output switching terminal 33c of the switch 
circuit 33, respectively, and further turns on the main 
amplifier power-switch-circuit 23 and turns off the power 
amplifier power switch circuit 41 • 

On the other hand, when the input signal level is not 
higher than P3 (dBm) , the control circuit 18 connects the 
common terminal 21a to the output switching terminal 21c of 
the switch circuit 21, the common terminal 24a to the output 
switching terminal 24c of the switch circuit 24, the common 
terminal 25a''£oT3Te output switching terminal 25c of the switch 
circuit 25 , and the common terminal 33a to the output switching 
terminal 33b of the switch circuit 33 , respectively, and turns 
on the power amplifier power switch circuit 41 and further 
turns off the main amplifier power-switch-circuit 23. 

First, when the input signal level is not lower than 
P3 (dBm) , the signal inpui: into the common terminal 21a of 
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the switch circuit 21 is amplified by the main amplifier 6 
through the output switching terminal 21b and the vector 
adjustor 5, and input into the port j of the power-combiner 
4 through the power splitter 8 and the delay circuit 10, At 
this time, signals including distortion components caused 
by intermodulation due to the non-linearity of the main 
amplifier 6 in addition to the carrier frequency components 
are input into the port j , Further, part of the output signal 
of the main amplifier 6 is took out from the port f of the 
iQ power splitter 8, and input into the port h of the 

t »■ T| 

( V -m 

31 power-combiner 9 . 

j;^/ On the other hand, the signal output from the port c 

h is input into the port g of the power-combiner 9 through the 

m delay circuit 7. Here, the vector adjustor 5 and the delay 

jfii' circuit 7 are adjusted such that the carrier frequency 

I'iii components of the signals input into the port g and the port 

h may have the same amplitudes and opposite phases, by which 
a signal having only the distortion components with the carrier 
frequency components canceled out is output from the port 

Next, the signal output from the port i is split into 
two parts by the power splitter 31 and the two parts are output 
from a port p and port q respectively. The signal out put 
from the port q is absorbed by the terminating resistor 34 
through the switch circuit 33, The signal output from the 
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port p is amplified by the error amplifier 14 through the 
vector adjustor 13, and input into the port k of the power 
splitter 4 through the switch circuit 24. Here,, the vector 
adjustor 13 and the delay circuit 10 are adjusted such that 
the distortion compaxients of the signals input into the port 
j and the port k may have the same amplitudes and opposite 
phases, thereby a signal having only the carrier frequency 
components with the distortion components canceled out being 
output from the port ra of the power-combiner 4. The signal 
output from the port m is output from the output terminal 
2 through the switch circuit 25. 

On the other hand, when the input signal level is not 
higher than P3 (dBm) , the signal input into the common terminal 
21a of the switch circuit 21 is absorbed by the terminating 
resistor 22 through the output switching terminal 21c. 
Further, the signal output from the port c is input into a 
port o of the power splitter 31 through the delay circuit 
7 and the power-combiner 9. At this time, in the 
power-combiner 9, because no signal is input into the port 
h, the signal input into the port g is output as-is from the 
port i . The signal input into the port o of the power splitter 
31 is split into tw;o parts, which are output from the port 
p and port q respectively. The signal output from the port 
p is amplified by the error amplifier 14 through the vector 
adjustor 13, and input into a port x of the power-combiner 



32 through the switch circuit 24, power splitter 36 and delay 

circuit 38 * . , 

At this time, signals including distortion components 
caused by intermodulation due to the non-linearity of the 
error amplifier 14 in addition to the carrier frequency 
components are input into the port x. Further, part of the 
output signal of the switch cir.cuit 24 is took out from a 
port t of the power splitter 36, and input into a port v of 
the power-combiner 37 . On the other hand, the signal output 
S from the port q is input into a port u of the power-combiner 
M 37 through the switch circuit 33 and the delay circuit 35. 

IS; k 
I z 

r? Here, the vector adjuster 13 and the delay circuit 35 

% are adjusted such that the carrier frequency components of 

■ 

k the signals input into the port u and the port v may have 

the same amplitudes and opposite phases. Thereby, a signal 

|2f having only the distortion components with the carrier 

frequency components canceled out is output from a port w. 

Then, the signal output from the port w is amplified 
by the power amplifier 40 through the vector adjuster 39 and 
input into a port y of the power-combiner 32 . Here, the vector 
adjuster 39 and the delay circuit 38 are adjusted such that 
the distortion components of the signals input into the port 
X and the port y may have the sarne amplitudes and opposite 
phases. Thereby, a signal having only the carrier frequency 
components with the distortion components canceled out is 
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output: from a port z of the power-combiner 32. The signal 
output from the port z is output from the output terminal 
2 through the switch circuit 25, 

That is, when the input signal level is not lower than 
P3 (dBm) , the first feedforward amplifier circuit 42 amplifies 
the input signal^ and when the input signal level is not higher 
than P3 (dBm) ^ the second feedforward amplifier circuit 43 
amplifies the input signal. The power consumed by the power 
amplifier 40 is much less than that by the main amplifier 
6. Further, because the error amplifier 14 is made for lower 
power when compared to the main amplifier 5 , the power consumed 
by the error amplifier 14 is less than that by the main 
amplifier . 

Such a configuration of Fig . 8 can improve the efficiency , 
since, at low output power, the power consumed by the main 
amplifier becomes zero while the power consumed by the power 
amplifier 40 increases. Further, when the feedforward 
amplifier according to the embodiment 5 is used for a mobile 
communication equipment, even if the main amplifier 6 fails, 
the device can continue operating its function though with 
reduced maximum output power, thereby allowing the improved 
reliability of the whole mobile communication equipment. 

By the way, although the above embodiment 6 is described 
for the case where the switching of the switch circuits 21, 
24, 25 and 33, the main amplifier power-switch-circuit 23 



and the power amplifier power switch circuit 41 are performed 
depending on the input signal l^v/el, it is apparent that the 

same operation can be achieved by performing the switching 
depending on the level of sic^nais output from the port b of 
the power splitter 3, the port c of the power splitter 3, 
or the delay circuit 7. In this case, the signal level 
detection portion 19 should be inserted into the position 
for the signal level to be detected. 
(Embodiment 7) 

Fig. 9 shows a conf igurat.ior diagram of the feedforward 
amplifier according to the ^ jibr-diment 7 of the invention, 
of which operation will be described with reference to the 
drawing hereinafter.- 

The embodiment 7 according to the invention has a 
configuration combining the embodiments 1 and the embodiment 
5 . 

By the way, the power splitte r 3 of the present embodiment 
is an, example of the first power splitter of the invention, 
the vector adjustor"5~airex:ample 'Xi the first vector adjuster , 
the power splitter 8 an example of the second power splitter, 
the delay circuit 7 an example o£ the first delay circuit, 
the pov^er-combiner 9 an example of the distortion detection 
power-combiner^ the delay circuit 10 an example of the second 
delay circuit, the vecror adjuster 1*3 an example of the second 
vector adjuster, the power-comi)iner 4 an example of the 
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distortion suppression power-combiner, the control circuit 
18 an example of the control means ^ the signal level detection 
portion 19 an example of the first signal level detection 
means ^ the power splitter 36 an example of the third power 
splitter, the delay circuit 38 an example of the third delay 
circuit, the power splitter 31 an example of the fourth power 
splitter, the delay circuit 35 an example of the fourth delay 
circuit, the power-combiner 37 an example of the second 
distortion detection power-combiner, the vector adjustor 39 
an example of the third vector adjustor, the power amplifier 
40 an example of the second error amplifier, and the 
power-combiner 32 an example of the second distortion 
suppression power-combiner , respectively . 

When the level of an input signal input from the input 
terminal 1, detected by the signal level detection circuit 
17 , is not lower than P3 (dBm) , the control circuit 18 connects 
the common terminal 11a to the output switching terminal lib 
of the switch circuit 11 , the common terminal 21a to the output 
switching terminal 21b of the switch circuit 21, the common 
terminal 24a to the output switching terminal 24b of the switch 
circuit 24, the common terminal 25a to the output switching 
terminal 25b of the switch circuit 25 , and the common terminal 
33a to the output switching terminal 33c of the switch circuit 
33, respectively, and further turns on the main amplifier 
power-switch-circuit 23 and the error amplifier power switch 



- 53 - 



circuit: 15 and turns off the power amplifier power switch 
circuit 41. In this case, the input signal is amplified by 
the first feedforward amplifier circuit 42 and output from 
the output terminal 2 . 

On the other hand, when the input signal level is not 
lower than PI (dBm) and not higher -fehan P3 (dBm) , the control 
circuit 18 connects the common terminal 11a to the output 
switching terminal lib of the swi-cch circuit 11, the common 
terminal 21a to the output switching terminal 21c of the switch 
circuit 21, the common terminal 24a to the output switching 
terminal 24c of the switch circuit 24, the common terminal 
25a to the output switching terminal 25c of the switch circuit 
25 , and the common terminal 33a to the output switching terminal 
33b of the switch circuit 33, respectively, and further turns 
on the error amplifier power switch circuit 15 and the power 
' amplifier power switch circuit 41 and turns off the main 
amplifier power-switch-circuit 23. In this case, the input 
signal is amplified by the second feedforward amplifier 
circuit 43 and output from the output terminal 2 . 

Further, when the input signal level is not higher than 
PI (dBm) , the control circuit 18 connects the common terminal 
11a to the output switching terminal 11c of the switch circuit 
11, the common terminal 21a to the output switching terminal 
21b of the switch circuit 21, the common terminal 25a to the 
output switching terminal 25b of the switch circuit 25, and 



the common terminal 33a to the output switching terminal 33c 

of the switch circuit 33^ respectively, and further turns 

on the main amplifier power-switch-circuit 23 and turns off 

the error amplifier power switch circuit 15 and the power 

amplifier power switch circuit 41. For the switch circuit 

24, the common terminal 24a may be connected to any one of 

the output switching terminals 24b and 24c. In this case^ 

« 

because the level of distortions included in the output signal 
of the main amplifier 6 is not higher than Dl (e.g. - 60 dBc) , 
the output signal of the main amplifier 6 is output as-is 
from the output terminal 2 . 

Such a configuration of Fig. 9 can improve the efficiency 
at low output power. ^ Further , when the feedforward amplifier 
according to the embodiment 7 is used for a mobile communication 
equipment, even if the main amplifier 6 fails, the device 
can continue operating its function though with reduced 
maxiinum output power, thereby allowing the improved 
reliability of the whole mobile communication equipment. 

By the way, although the above embodiment 7 is described 
for the case where the switching of the switch circuits 11, 
21, 24, 25 and 33, the main amplifier power-switch-circuit 
23, error amplifier power switch circuit 15, and the power 
amplifier power switch circuit 41 are performed depending 
on the input signal level, it is apparent that the same 
operation can be achieved by performing the switching 



depending on the level of signals oiatput from the port b of 
the power splitter 3, the port c of the power splitter 3, 
or the delay circuit 7 > In this case^ the signal level 
detection portion 19 should be inserted into the position 
for the signal level to be detected. 
(Embodiment 8) 

Fig. 10 shows a configuration diagram of the feedforward 
amplifier according to the embodiment 8 of the invention. 

The same portions of the feedforward amplifier of the 
embodiment 8 as the feedforward amplifier of the embodiment 
5 will be denoted by the same symbols as the embodiment 5 
and the detailed description thereof will be omitted. 

Fig. 10 of the embodiment 8 is different from Fig. 7 
of the embodiment 5 in the following points. 

That is, in the feedforward amplifier of Fig. 10, the 
port k of the power-combiner 4 is connected to the output 
of the error amplifier 14 , and the port j of the power amplifier 
is connected to the output of the delay circuit 10. Further, 
a port p of an antenna-shared^ circuit TSTT is connected to the 
port m of the power-combiner 4 . Further r a port r of the 
antenna-shared circuit 51 is connected to an antenna 50 and 
a port q of the antenna-shared circuit 51 is connected to 
the input of the receiving circuit 52, The output of the 
receiving circuit 52 is connected to a received-signal output 
terminal 55. Further^ a signal level detection circuit 53 



is connected to the receiving-circuit 52 , and a control circuit 

c 

54 is connected to the output of the signal level detection 
circuit 53. The others are the same as the embodiment 5. 

By the way, the power splitter 3 of the present embodiment 
is an example of the first power splitter of the invention^ 
the vector adjuster 5 an example of the first vector adjuster^ 

It 

the power splitter 8 an example of the second power splitter, 
the delay circuit 7 an example of the first delay circuity 
the power-combiner 9 an example of the distortion detection 
power-combiner, the delay circuit 10 an example of the second 
delay circuit, the vector adjuster 13 an example of the second 
vector adjuster, the power-combiner 4 an example of the 
distortion suppression power-combiner, the control circuit 
18 an example of the control means, the signal level detection 
circuit 53 an example of the first signal level detection 
means , respectively - 

Next, the present embodiment as such will be described 
centering on the points different from the embodiment 5, 

In the embodiment 5, the signal detection circuit 17 
detects the input signal level of an input signal input from 
the input terminal 1, and the control circuit 18 controls 
the switch circuit 11 and the like based on the detected input 
signal level. On the other hand, in the present embodiment, 
the signal level detection circuit 53 detects the level of 
a received signal of an incoming wave received by the antenna 



50. Also, the control circuit 54 controls the switch circuit 
11 and the like based on the level of the received signal 
detected. 

That is, the antenna-shared circuit 51 introduces the 
incoming wave received by the antenna 50 as a received signal 
into the receiving circuit 52, and also introduces a 
transmitting signal output froui the port m of the 
power-combiner 4 to the antenna 50. 

The receiving circuir 52 processes the received signal 
output from the port q of tho antenna-shared circuit 51 for 
outputting to the received-siyaal output terminal 55, and 
also outputs *che processed recei\-ed-signal to the signal level 
detection circuit 53 . 

The signal level detection circuit 53 detects the 
received-signal level of th^ ^e'^-sived signal outpur. from the 
receiving circuit 52. 

Generally, when zhe level of the received-signal received 
by the antenna 50 is low^ the partner device is considered 
to exist at a distant place or at a place from which radio 
wave is difficult to reach th^- antenna. Therefore, it is 
necessary to transmit a transr.ix tting wave of high power from 
the antenna 50 such that tS^ partner device may receive 
satisfactorily rhe transm. wt-ng wave. Alternatively, when 
the received-signal level of T:he received-signal received 
by the antenna 50 is high, the partner device is considered 



to exist at a near place or at a place from which radio wave 
is easy to xeach the antenna. Therefore, transmission of a 
transmitting wave of low power to the partner device still 
allows the partner device to receive satisfactorily the 
transmitting wave . 

Therefore, when the level of received signals output 
from the receiving circuit 52 and detected by the signal level 
detection circuit 53 is not higher than P2 (dBm) , the control 
circuit 54 connects the common terminal 11a to the output 
switching terminal lib of the switch circuit 11 and the common 
terminal 21a to the output switching terminal 21b of the switch 
circuit 21, respectively, and further turns on the main 
amplifier power-switch-circuit 23 and the error amplifier 
power switch circuit 15, In this case, the feedforward 
amplifier according- to the present embodiment operates in 
the same manner as conventional feedforward amplifiers. 

On the other hand, when the level of received-signals 
output from the receiving circuit 52 and detected by the signal 
level detection circuit\53 is not lower than P2 (dBm) and 
not higher than PI (dBra) ^ the control circuit 54 connects 
the common terminal 11a to the output switching terminal 11c 
of the switch circuit 11 and the common terminal 21a to the 
output switching terminal 21c of the switch circuit 21, 
respectively, and further turns on the main amplifier 
power-switch-circuit 23 and turns off the error amplifier 



power switch circuit 15. In this case, because the level of 
distortions included in the output signal of the main amplifier 
6 is not higher than Dl {e.g* - 60 dBc) , the output signal 
of the main amplifier 6 is output as-is from the port m of 
the power-combiner 4 . 

Further^ when the input signal level is not lower than 
PI (dBm) , the control circuit 54 connects the common terminal 
11a to the output switching terminal lib of the switch circuit 
11 and the common terminal 21a to the output switching terminal 
21c of the switch circuit 21, respectively, and further turns 
on the error amplifier power switch circuit 15 and turns off 
the main amplifier power-switch-circuit 23. In this case, 
because the input signal is amplified directly by the error 
amplifier 14 and the level of distortions included in the 
output signal of the error amplifier 14 is not higher than 
Dl (e.g. - 60 dBc) , the output signal of the error amplifier 
14 is output as-is from the port m of the power-combiner 4, 

Therefore / the configuration of Fig. 10 can improve the 
efficiency at low output power . Further , when the feedforward 
amplifier according to the embodiment 8 is used for a mobile 
communication equipment, even if the main amplifier 6 fails , 
the direct amplification by the error amplifier 14 allows 
the device to continue operating its function though with 
reduced maximum output power, thereby allowing the improved 
reliability of the whole mobile communication equipment. 



By the way, although the above embodiment 8 performs 
the switching of the switch circuits 11 and 21, the main 
amplifier power-switch-circuit 23, and the error amplifier 
power switch circuit 15 depending on the level of the received 
signal processed by the receiving circuit 52, it is apparent 
that the same operation can be achieved by performing the 
switching depending on the level of the received signal before 
being processed by the receiving circuit 52 or the level of 
the received signal in the course of being processed by the 
receiving circuit 52. 

By the way, with each of the feedforward amplifiers 
described referring to Figs. 1, 4, 5, 6, 7^ 8, and 9 , instead 
of detecting the signal level of .input signals by the signal 

m 

level detection circuit 17 , the signal level detection circuit 
52 may be used to detect the signal level of received signals 
from the receiving circuit 52 in the same manner as the 
embodiment 8, and then the control circuit may control each 
switch circuit and the like based on the detected signal level. 
However, when the signal level of^received signals from 
the receiving circuit 52 is detected and the control circuit 
controls each switch circuit and the like based on the detected 
signal level, the amplitude of the detected signal level is 
inverse to that in the case where the controlling is performed 
in the feedforward amplifiers described in each of the 
embodiments - 



For example, in the feedforward amplifier of Fig. 1 
described in association with the embodiment 1^ when the 
detected signal level of the received signal from the receiving 
circuit 52 is not higher than PI (dBm) , the control circuit 
18 should connect the common terminal 11a to the output 
switching terminal lib of the switch circuit 11, and also 

? 

turn on the error amplifier power switch circuit 15. On the 
other hand, when the ' input sigrxai level is higher than Pi 
(dBm) , the control circuit 18 should connect the common 
terminal 11a to the output switching terminal 11c of the switch 
circuit 11 , and also turn off the error amplifier power switch 
circuit 15 . 

When the signal level of received signals from the 
receiving circuit 52 is detected and the control circuit 
controls each switch circuit and the like based on the detected 
signal level in the above manner, the controlling should be 
performed such that the amplitude of the detected signal level 
may be inverse to that in the case where the controlling is 
performed by the feedforward amplif iVrs described in each 
of the embodiments. The others are the same as each of the 
embodiments - 
(Embodiment 9) 

Fig. 11 shows a configuration diagram of the feedforward 
amplifier according to the embodiment 9 of the invention. 



The same portions of the feedforward amplifier of the 
embodiment 9 as the feedforward. amplifier of the embodiment 
5 will be denoted by the same symbols as the embodiment 5 
and the detailed description thereof will be omitted. 

Fig. 11 of the embodiment 9 is different from Fig. 7 
of the embodiment 5 in the following points. 

ft 

That is t a baseband signal generating portion 56 performs 
both functions of the signal level detection circuit and the 
control circuit of the embodiment 7. Further, the baseband 
signal generating portion 56 is connected to a transmitting 
circuit 57, which is connected 'to the port a of the power 
splitter 3 . 

By the way ^ the power splitter 3 of the present embodiment 
is an example of the first power splitter of the invention^ 

the vector adjuster 5 an example of the first vector adjuster, 

« 

the power splitter 8 an example of the SBOov.di power splitter, 
the delay circuit 7 an example of the first delay circuit, 
the power-combiner 9 an example of the distortion detection 
power-combiner^ the delay circuit 10 an example of the second 
delay circuit r the vector adjuster 13 an example of the second 
vector adjuster, the power-combiner 4 an example of the 
distortion suppression power-combiner, the baseband signal 
generating portion 56 an example of the control means, 
respectively, and the baseband signal generating portion 5 6 



also serves as an example of the first signal level detection 
means . 

Next, the present embodiment as such will be described 
centering on the points different from the embodiment 5 . 

The baseband signal generating portion 56 generates a 
baseband signal from signals input from a microphone and the 
like not shown, and outputs the baseband signal to a 
transmitting circuit 57. The transmitting circuit 57 
modulates the baseband signal incoming from the baseband 
signal generating portion 56, converting the baseband signal 
into a modulated signal and a transmitt-ing frequency which 
are output to the port a of the power splitter. 

Further, the baseband signal generating portion 56 
detects the signal level of the baseband signal. 

Then, when the signal level of baseband signals detected 
by the baseband signal generating portion 56 is not lower 
than Fl (dBm) , the baseband signal generating portion 56 
connects the common terminal 11a to the output switching 
terminal lib of the switch circuit 11 and the common terminal 
21a to the output switching terminal 21b of the switch circuit 
21, respectively and further turns on the main amplifier 
power-switch-circuit 23 and the error amplifier power switch 
circuit 15 . In this case, the feedforward amplifier according 
to the embodiment 9 operates in the same manner as conventional 
feedforward amplifiers . 
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On the other hand, when the signal level of baseband 
signals detected by the baseband signal generating portion 
56 is not lower than P2 (dBm) and not higher than PI (dBm) , 
the baseband signal generating portion 56 connects the common 
terminal 11a to the output switching terminal 11c of the switch 
circuit 11 and the coxrmon terminal 21a to the output switching 
terminal 21b of the switch circuit 21, respectively, and 
further turns on the main amplifier power-switch-circuit 23 
and turns off the error amplifier power switch circuit 15. 
In this case^ because the level of distortions included in 
the output signal of the main amplifier 6 is not higher than 
Dl (e.g. - 60 dBc) , the output signal of the main amplifier 
6 is output as-is from the output terminal 2. 

Further, when the signal level of baseband signals 
detected by the baseband signal generating portion 5 6 is not 
higher than P2 (dBm) , the ha.sehand signal generating portion 
56 connects the common terminal 11a to the output switching 

-p 

terminal lib of the switch circuit 11 and the common terminal 
21a to thel^u'tput sVxlTclixng terminal 21c of the switch circuit 
21, respectively, and further turns on the error amplifier 
power switch circuit 15 and turns off the main amplifier 
power-switch- circuit 23. In this case, because the input 
signal is directly amplified by the error amplifier 14 and 
the level of distortions included in the output signal of 
the error amplifier 14 is not higher than Dl (e.g. - 60 dBc) , 



■the output signal of the error amplifier 14 is output as-is 
from the output terminal 2 . 

Generally, when the level of baseband signals is high, 
the output signal of the output terminal 2 becomes of high 
power, and when the level of baseband signals is low, the 
output signal of the output terminal 2 becomes of low power. 

Therefore, the configuration of Fig. 11 can improve the 
efficiency at low output power , Further , when the f eedf orward 
amplifier according to the embodiment 9 is used for a mobile 
communication equipment, even if the main amplifier 6 fails, 
the direct amplification by the error amplifier 14 allov/s 
the device to continue operating its function though with 
reduced maximum output power, thereby allowing the improved 
reliability of the whole mobile communication equipment. 

By the way, although the above embodiment 9 performs 
the switching of the switch circuits 11 and 21, the main 
amplifier power-switch-circuit 23 and the error amplifier 
power switch circuit 15 depending on the signal level of 
hasehand signals from the' baseband signal generating portion 
56, it is apparent that the same operation can be obtained 
by performing the switching depending on the signal level 
of input signals input from a microphone and the like into 
the baseband signal generating portion 56 or the signal level 
of baseband signals in the course of being processed by the 
baseband signal generating portion 56 or the signal level 



of baseband signals output from the baseband signal generating 
portion 56, Further, it is apparent that the same operation 
can be obtained by performing the switching depending on the 
signal level of signals in the course of being processed by 
the transmitting circuit 57 or the signal level of transmitting 
signals output from the transmitting circuit 57. 

By the way, with each of the feedforward amplifiers 
described referring to Figs. 1,4, 5, 6, 7, 8, and 9, instead 
of detecting the signal level of input signals input from 
the input terminal 1 by the signal level detection circuit 
17^ the signal level of baseband signals may be detected in 
the same manner as the embodiment 9 and each switch circuit 
and the like may be controlled based on the detected signal 
level . 

It has been described that the feedforward amplifier 
according to the embodiment 3 uses the variable power-combiner 
20, and when it operates both the main amplifier 6 and error 
amplifier 13, the variable power-combiner 20 is in a loose 
coupling state and the main amplifier 6 is also stopped, and, 
when it operates the error amplifier 13 only, the variable 
power-combiner 20 is in a tight coupling state. However, the 
variable power-combiner 2 0 may be used for the feedforward 
amplifiers other than that ot the embodiment 3 to perform 
the same operation. This can improve further the efficiency 



of the feedforward amplifier accordirxg to the present 
embodiment. 

Further, with the feedforward amplifier according to 
the embodiment 4, it has been described that, at low output 
power, the switch circuits 24 and 25 are used to output signals 
without passing through the power-combiner 4. However r the 
same operation may be applied to the feedforward amplifiers 
other than that of the embodiment 4 . This can improve further 
the efficiency of the feedforward amplifier according to the 
present embodiment. 

Further, when an abnormal event occurs in the main 
amplifier, the error amplifier can be used to amplify and 
output the input signal, thereby allowing the improved 
reliability of mobile communication equipments using the 
feedforward amplifier . 

Furthermore, communication equipments comprising a 
baseband signal generating portion for generating a baseband 
signal and a transmitting circuit for generating a 
transmitting signal fr^m'^the baseband signal generated, in 
which the feedforward amplifiers according to the invention 
is used for the above described transmitting circuit is 
included in the invention. 

Further, the communication equipments according to the 
invention refer to base station devices of mobile 



coznmunicatiion equipment such as portable telephones , PHS and 
car telephones . 

As apparent from the above description, the invention 
can provide a feedforward amplifier and a mobile communication 
equipment of which efficiency does not reduce even at reduced 
output power. 

Further, the invention can provide a feedforward 
amplifier and a mobile communication equipment of which 
communication does not stop completely even if the main 

amplifier fails. 



